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Surface Scattering: Anti-Bragg  

𝑆 𝐿, 𝐸 = 𝑓𝑃𝑡 𝐿, 𝐸 + 𝑓𝑃𝑡 𝐿, 𝐸 𝑒
−𝑖2𝜋𝐿 + 𝑓𝑃𝑡 𝐿, 𝐸 𝑒

−2𝑖2𝜋𝐿 +⋯ 

= 𝑓𝑃𝑡 1 + 𝑒
−𝑖2𝜋𝐿 + 𝑒−2𝑖2𝜋𝐿 +⋯  

= 𝑓𝑃𝑡 𝑒
−𝑛𝑖2𝜋𝐿

𝑛

 

=
𝑓𝑃𝑡

1 + 𝑒−𝑛𝑖2𝜋𝐿
 

Pt(111) 
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Foreign Atoms on Surface 
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Strmcnik, Chang, et al., Phys. Chem. Lett., 2011 

Walker, Specht, McKee, PRL 1991 

Cu on Si(111) 

Park, Fenter et al., PRL 2006 



Same Atom with Different Chemical State 

𝑆 𝐿, 𝐸 = 𝑓𝑃𝑡 𝐿, 𝐸 + 𝑓𝑃𝑡 𝐿, 𝐸 𝑒
−𝑖2𝜋𝐿 + 𝑓𝑃𝑡 𝐿, 𝐸 𝑒

−2𝑖2𝜋𝐿 +⋯ 

= 𝑓𝑃𝑡 1 + 𝑒
−𝑖2𝜋𝐿 + 𝑒−2𝑖2𝜋𝐿 +⋯  

= 𝑓𝑃𝑡 𝑒
−𝑛𝑖2𝜋𝐿

𝑛

 

=
𝑓𝑃𝑡

1 + 𝑒−𝑛𝑖2𝜋𝐿
 

𝑆 𝐿, 𝐸 = 𝑓1
𝑃𝑡
𝐿, 𝐸 + 𝑓2

𝑃𝑡
𝐿, 𝐸 𝑒−𝑖2𝜋𝐿 + 𝑓3

𝑃𝑡
𝐿, 𝐸 𝑒−2𝑖2𝜋𝐿 +⋯ 

= 𝑓1
𝑃𝑡
𝐿, 𝐸 + 𝑓𝑃𝑡 𝐿, 𝐸 𝑒

−𝑖2𝜋𝐿 + 𝑒−2𝑖2𝜋𝐿 +⋯  

= 𝑓1
𝑃𝑡
𝐿, 𝐸 + 𝑓𝑃𝑡 𝑒

−𝑛𝑖2𝜋𝐿

𝑛=1

 

= 𝑓1
𝑃𝑡
𝐿, 𝐸 +

𝑓𝑃𝑡𝑒
−𝑖2𝜋𝐿

1 + 𝑒−𝑛𝑖2𝜋𝐿
 

Pt(111) 
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L=0.75 

Y. Chu, et al., PRL 83, 552 (1999) 

L=1.5 

2.6 

0.9 

2.2 

1.8 

1.5 

Anomalous Peak-like Resonance Scattering at L=1.5 and 0.75 

L=0.75 

1.05V 
1.25V 



Templeton-Templeton Scattering 

f’p-f’s 

K2PtCl4 

P4/mmm 

a=7.023A 

c=4.149A 

Pt:0,0,0 

Cl:x,x,0; x=0.23 

K:.5,.5,0 

Templeton and Templeton, 



Orbital Ordering in LaMnO3 

Murakami et al., PRL 1998 



Polarization Dependence: 

Surface Templeton Scattering  



Surface Resonance X-ray Scattering:  

Polarization Dependence 

Pt 2p3/2 → CO 2π* 

 Sensitive to CO 

Bond Direction.  

C
O

 

s-polarization p-polarization 

C
O

 

Hammer and Norskov 
Nature, 376 (1995) 238.  

D. E. Ramaker, et al. 
PCCP, 1 (1999) 2293  



Menzel, Chang, Komanicky, Tolmachev, Tkachuk, Chu, You, Phys. Rev. B75, 035426 (2007) 
Chang, Menzel, Komanicky, You, Electrochimica Acta, 52, 5749 (2007)  

CO pressure decreases from 1 atm to 0.1 atm 

Structures of Electrosorbed CO on Pt (111) 



FEFF8 



Polarization-Dependent 

Resonance Anomalous 

Surface Scattering  
Pt 

CO 

(2x2)-3CO  

Menzel, 
Tolmachev, Chang, 
Komanicky, Chu, 
Rehr, You 
Europhys. Lett. 74 
(2006) 1032. 



Found no long-range structure 

STM tip-induced? 

X-ray irradiation destroys the long-range ordering? 

Sulfate Adsorption 

Funtikov, et al. J. Electroanal. 

Chem. 428, 147 (1997).  



Energy-Dispersive Setup 

ESRF ID24 

Diffractometer 

Pascarelli, et al., J. Synch. Rad. 2006 


